In this article, we first of all convert the boundary value problems for impulsive fractional differential equations to integral equations. Second, we construct a weighted function space and prove the completely continuous property of a nonlinear operator. Finally, we establish existence results for solutions of a boundary value problem for a nonlinear impulsive fractional differential system. Our analysis relies on the well-known Schauder fixed point theorem. An example is given to illustrate main results.
Introduction
Fractional differential equations have many applications in modeling of physical and chemical processes [, ] . In its turn, mathematical aspects of fractional differential equations and methods of their solutions were discussed by many authors; see the text books [-]. Existence of solutions or positive solutions of boundary value problems (BVPs for short) of fractional differential equations with or without impulse effects have been studied by many authors; see [-] and [-] .
In recent years, some authors have studied the solvability or existence of positive solutions of BVPs of fractional differential systems [-] . In order to show motivations of this paper, we address some of them.
In 
where α, β ∈ (, ), D + is the Riemann-Liouville fractional derivative,  < p ≤ β -,  < q ≤ α -, γ η α- < , and γ η β- < , f , g : [, ] × R + × R → R are continuous functions.
In [] , the authors studied the existence of solutions of the following four-point coupled boundary value problem for nonlinear fractional differential equation: 
t, u(t), D α-  + u(t), v(t), D β-  + v(t)),  < t < , D β

+ v = g(t, u(t), D α-  + u(t), v(t), D β-  + v(t)),  < t < , I
was studied, where  < α, β < ,  < m ≤ β -,  < n ≤ α -, γ > , δ > ,  < ξ < η < , D *  + is the standard Riemann-Liouville differentiation, f , g : [, ] × R  → R are continuous functions.
In [] , the authors studied a coupled system of impulsive boundary value problems for nonlinear fractional order differential equations involving Caputo type fractional derivatives. Sufficient conditions for the existence and uniqueness of positive solutions were established by using Banach's fixed point theorem and Krasnoselskii's fixed point theorem.
In [] , the authors studied the following m-point boundary value problem for a coupled system of impulsive fractional differential equations at resonance:
) with w ∈ {u, v} and r ∈ {p, q}, w(t 
We find in the papers mentioned that f in fractional differential equations is supposed to be continuous, the solutions obtained are also continuous on [, ] . So it is interesting to study the solvability of boundary value problems of singular fractional differential equations and to obtain discontinuous solutions of this kind of problems.
In this paper, we study the existence of solutions of the following boundary value problems (BVP for short) for the multi-term impulsive fractional differential system: may be singular at t = ,  while in the well-known papers mentioned nonlinearities are supposed to be continuous.
The remainder of the paper is organized as follows: In Section , we present some preliminary results. In Section , the existence results for solutions of BVP () are established. Finally, in Section , we present an example to illustrate the main theorems.
Preliminary results
In this section, we present some necessary definitions from the fractional calculus theory which can be found in the literature [-] .
Definition . [] The Riemann-Liouville fractional integral of order α >  of a function h : (a, +∞) → R is given by
provided that the right-hand side exists.
Definition . [] The Riemann-Liouville fractional derivative of order α >  of a function h : (a, +∞) → R is given by
where n - ≤ α < n, provided that the right-hand side exists. 
These results are generalizations of 
and
Step . We first of all prove (). Since lim t→ + t -α h(t) = A  exists, for any > , we
Then similarly to the above discussion
It follows from () that () holds for i = . Now we suppose that () holds for i = , , , . . . , n < m. We will prove that () holds for i = n + . Then by the method of mathematical induction, we know () holds for all i ∈ N m  . In fact, suppose that
Use the assumption, we get for t ∈ (t n+ , t n+ ]
Similarly to the proof of (), there exist con-
(t) into (), we know that () holds for i = n + . This completes the proof of ().
We can prove that there exist con-
Proof The proof is similar to that of Lemma . and is omitted.
the following limits exist: lim
For u ∈ X δ,α , define
Lemma . X δ,α is a Banach space with the norm defined.
Proof In fact, it is easy to see that X is a normed linear space with the norm · . Let {x u } be a Cauchy sequence in X δ,α . Then
That is, Furthermore, using Lemma ., for t ∈ (t i , t i+ ] there exists c uj ∈ R such that
We have similarly for t ∈ (t i , t i+ ]
From the above discussion, we know that x u → x  as u → +∞ in X δ,α . It follows that X δ,α is a Banach space. The proof is complete.
Then E is a Banach space. For y ∈ X θ,β and x ∈ X δ,α , denote
G x (t) = q(t)g t, x(t), D
δ  + x(t), D α-  + x(t) , I y (t i ) = I  t i , y(t i ), D θ  + y(t i ), D β-  + y(t i ) , J y (t i ) = J  t i , y(t i ), D θ  + y(t i ), D β-  + y(t i ) , I x (t i ) = I  t i , x(t i ), D δ  + x(t i ), D α-  + x(t i ) , J x (t i ) = J  t i , x(t i ), D δ  + x(t i ), D α-  + x(t i ) .
Lemma . Suppose that (a)-(d) hold and (x, y) ∈ E. Then (u, v) ∈ E is a solution of
Proof From x ∈ X and y ∈ Y , we see that there exists a constant r >  such that x = r < +∞. Then there exist constants M r,f , M r,g , M ,r,I , M ,r,I , M ,r,J , M ,r,J ≥  such that
and similarly
This means F y is an α-integral function. Similarly we get
From u ∈ X and () in Lemma ., we know that there exist constants
Now we get by using the impulse conditions
Together with (), we obtain
Substitute A i , B i into (), we get (). Similarly we get (). Now we suppose that u satisfies () and v satisfies (). We will prove that u ∈ X and v ∈ Y , u, v is a solution of BVP ().
It is easy to see that u ∈ X, v ∈ Y . Furthermore, by direct computation, we get
Then (u, v) is a solution of BVP (). The proof is completed.
For (x, y) ∈ E, define T(x, y) by T(x, y)(t) = ((T  y)(t), (T  x)(t)) with (T  y)(t) =
Lemma . Suppose that (a)-(d) hold. Then T : E → E is well defined and is completely continuous, (x, y) is a solution of BVP () if and only if (x, y) = T(x, y).
Proof By Lemma ., we know that T  y ∈ X and T  x ∈ Y . Then T : E → E is well defined.
It is easy to show from Lemma . that (x, y) is a solution of BVP () if and only if (x, y) = T(x, y).
Now, we prove that T is completely continuous. It suffices to prove that T  : Y → X and T  : X → Y are completely continuous. We divide the proof of completely continuous property of T  into four steps. Similarly we can prove the completely continuous property of T  .
Step . Prove that T  is continuous. Let y n ∈ Y (n = , , , . . .) with y n → y  as n → +∞. We will prove that T  y n → T  y  as n → +∞. It is easy to show that there exists r >  such that y n ≤ r, n = , , , . . . , and y n -y  →  as n → +∞. Then there exist constants M r,f , M ,r,I , M ,r,J ≥  such that
Using the definition in (), one sees for t ∈ (t i , t i+ ] that
Similarly we can prove for t ∈ (t i , t i+ ] that
By Lebesgue's dominated convergence theorem, we can show that
Hence Tx n -Tx  →  as n → ∞. Then T is continuous. Let  ⊆ X and  ⊆ Y be bounded sets of X and Y , respectively. Then there exists r >  such that x , y ≤ r, x ∈  , y ∈  . So there exist constants M r,f , M r,g , M ,r,I , M ,r,I , M ,r,J , M ,r,J ≥  such that () and () hold for all x ∈  , y ∈  .
Step . Prove that {T  y : y ∈ } is bounded.
We have similarly to
Step
It follows that there exists a constant M >  such that T  y ≤ M  for all y ∈  . Similarly we see that there exists a constant M  >  such that T  x ≤ M  for all x ∈  . From the above discussion, we see that {T(x, y) : x ∈  , y ∈  } is bounded.
Step . Prove that
are uniformly continuous, for any ε > , there exists δ  > , when
, and x ∈ , we can get
This shows us that
. It follows from Steps - that T is completely continuous. The proof is ended.
Main results
In this section, we prove the main theorem. Suppose that σ j , τ j ≥  (j = , , ) are constants. We need the following assumptions:
(H) there exist nonnegative constants A j , B j (j = , , ) and two functions φ  , ψ  such that pψ  is an α-well integrable function and qφ  a β-well integrable function and
+ m, and
Proof It is easy to see that ( ,
Use (H), for (x, y) ∈ r  ,r  , we have
It follows that
Similarly using (H)-(H), we get for (x, y) ∈ r g t,
Use (c) and (), (), (), we get for t ∈ (t i , t i+ ]
One has from ()
Similarly we have
Similarly we can get
From (), (), we will seek r  , r  >  such that
Then one has T r  ,r  ⊆ r  ,r  . By Schauder's fixed point theorem, T has at least one fixed point (x, y) ∈ r  ,r  which is a solution of BVP (). It suffices to get positive solutions of the following inequality: Similarly to Case ., use (), we get solutions of BVP () by using the Schauder fixed point theorem.
Case . σ τ > . Choose 
